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IS spectacular anti-aircraft fire 
presents a graphic picture of our 
Armed Forces’ expenditure of bullets 
by the billion... and brings home to 
all the need for faster and more effi- 
cient machining. 

In getting the most out of machine 
tools and cutters, drills, reamers, bor- 
ing bars, grinding wheels, etc., plants 
everywhere are using Texaco Cutting 


and Soluble Oils. 


Texaco Cutting Oils lubricate tools, 
carry away the heat and prevent chip 
welding. Their use assures improved 
surface finish and maximum output 
per tool grind. 

The services of Texaco Engineers 
specializing in cutting coolants are 
available to you through raore than 
2300 Texaco distributing points in the 
48 States. The Texas Company, 135 
East 42nd Street, New York 17, N. Y. 
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The Research Phase of Sulfurized 


PETROLEUM INDUSTRY 


Hil 
| turcd and marketed cutting 


Taylor* in the late nineties had the courage 
to predict the importance of the cutting fluid 


as an adjunct to surface finish in 


This research played an Important part in 


later machine tool de- 


Cutting Oils 


has manutac- 


oils ever since 


metal cutting. 





vclopments. During the 
period which followed, 
up until the late twen- 
tics the need primarily 
was for the conventional 
types of mineral-lard oil 
mixtures. For the type of 
pipe-threading and 
mecal cutting which then 
prevailed they were 
moderately satisfactory. 
As cutting tool speeds 
increased and alloy 
steels became more com- 
mon however, an oil of 
better cutting ability 
was required. It was 
found that when a 
mineral-lard oil is over- 
worked, it may break 
down chemically, then 





UNDAMENTAL research has 

been responsible for virtually 
every advance in petroleum tech- 
nology since the Drake Well came 
in. As machine design progressed, 
the petroleum research worker 
kept pace. The modern Diesel, the 
aircraft engine, the high speed ma- 
chine tool are but a few examples 
of progress which would have 
failed but for the contributions of 
the Petroleum Industry in the form 
of ever improved fuels and lub- 
ricants. 

But machine design required an- 
other contribution — cutting fluids 
to make possible the improved sur- 
face finishes, the finer tolerances 
necessary for higher speeds and 
greater dependability. Petroleum 
base cutting oils made all this 
possible. 








°F. W.. Taylor, 


1856-1915 


Mem. A.S.M.E. 
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it becomes rancid, develops an objectionable 
odor and often is quite harmful to the skin. 
This prompted renewed study of the prob- 
lems of metal cutting. Leading members of 
the Petroleum Industry had anticipated this 
trend and had been studying cutting oil 


components for some 
time previously and had 
developed experimental 
cutting oils containing 
sulfur. This element, 
when added correctly to 
mineral oils or mineral- 
lard oil, increases the 
cooling and lubricating 
ability and helps to pre- 
vent welding of the chip 
to the tool. Sulfurized 
cutting oils also have 
the ability to penetrate 
more readily to small 
crevices. This ability, 
along with added film 
strength, was found to 
give better surface fin- 
ishes on steels which 
are difficult to ma- 
chine. 





THE STORY OF SULFUR 
The use of sulfur as a component of cutting oils 
dates back to about 1888. Free sulfur had been 
added to mineral lubricating oils for some time pre- 
vious, but the potential benefits in cutting oils re- 
mained obscure until research study was directed 
to perfecting better methods of mixing. These were 
indicated by the use of ‘‘sulfochlorinated’’ com- 
pounds. Any excess sulfur chloride or any hydro 
chloric acid which formed when fats were treated 
with sulfur chloride, could be neutralized by a 
suitable alkali or certain terpenes or olefins, thus 
insuring a product which would not be reactive. 
From that period until about 1918, there was a 
lull. Then, with interest aroused perhaps by World 
War I, and the demand for munitions, the so-called 
second stage in the history of cutting oil research 
dev eloped, and sulfur base oils became more serious- 





ly considered. 

It has been known for years that the amount of 
sulfur which can be dissolved or combined with 
mineral oil is limited. The problem of how to ex- 
tend the limits aroused the interest of a number of 
post-war investigators who studied the etfect of 
clevated temperature as a means of promoting the 
reaction between the sulfur and hydrocarbon mole- 
cules. 

The extension of this research prompted the wide- 
spread interest which can conveniently be regarded 
as the third stage. Increase in machine tool speeds, 
in cutting tool loads, in toughness of metals and 
the necessity for greater precision all contributed to 
the arrousing interest. 

When more dependable cutting oils were re- 
quired, more dependable methods of making them 
had to be developed. All this work considered sul- 
fur as a fundamental component and assistant to 
effectual cutting tool cooling. 
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The Reason for Sulfurizing 

Sulfurized cutting oils are not a cure-all for metal 
cutting dithculties. In fact, certain conditions and 
some metals prohibit their usage. For example, 
highly sulfurized oils are not suitable for machining 
brass or non-ferrous alloys due to the active nature 
of the sulfur which causes the surfaces of these 
metals to turn black. 

In other words, the nature of the cut and the type 
of metal are the dominating factors. Briefly, the 
addition of sulfur to a mineral oil enables bette: 
heat transfer, more rapid cutting and smoother 
surface finish on steel. 


The Value of Transparency 
In turn, whether or not a cutting oil should be 
transparent depends upon the advantages perta 


t 
ing to being able to observe the cutting process as 
the work is turned against the edge of the cutting 


tool. Draining of the oil from the tool is an im 
portant item in connection with visibility. Cons 
quently, the etfects of reduced viscosity upon cutting 
ability were investigated. Oils of this nature are 
especially adapted to machining of low, medium 
and high carbon steels as well as the several types ot 
alloy steels so necessary in the design of precision 
and heavy-duty machinery. 


Reducing the Corrosive Tendency 
Subsequent research in connection with sulfuritzed 
oils indicated that there was probably some rela- 
tionship between the corrosive tendency and the 
way in which the sulfur is dispersed in the oil. It 
was noted that the corrosive nature of a sulfur cut 
ting oil could be reduced by heating the oil suf- 
ficiently to cause the free sulfur to react with the 
mineral oil to form products which are non-cor- 


roding. 
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DEFINITION OF METAL CUTTING 
TERMS* 
To fully understand the art of metal cutting rc 


quires knowledge of at least some of the more com- 


only used terms which are applied to the adjust 
nt and shape of the cutting tool, etc. Likewise, 
familiarity with the more usual S.A.E. steel classi 
fications is helpful in visualizing the type of steel 
Dcin { 
Relief Angle: 
R lief Angle 1S the ngle of the flank bel yw thn 
cutting edge to clear the work. It was formerly 
Known ancle, This is now an Ameri 
in Standard 
Rake Angle: 
Rak Angl the slope of the tO] face of the 
ol | the cutting edge. Back rake means 
t ward the sl ank: it 1S the slope towar,l | t 
r of the cutter. On a shank type tool it is meas 
1 from the cutting edge toward the shank 
(back rake) or from the cutting edge to the sid 
t right angles to the shank (side rake) 
I M Handbook, 1939 Editi (pp. 892-896) 
\{ f Stecl” and other notes: be O:. WB 


Built-up Edge: 
Almost immediately after starting a cut, a small 
particle of the material being cut is trapped on 
the face of the tool and forms what is known as a 
built-up edge. The built-up edge is somewhat 
triangular in shape, being thickest directly ahead 
of the 
tends backward over the face of the tool 


utting edge, becoming thinner as it ex 


Surface Finish: 
The finish on the cut surface is improved as the 
built-up edge is reduced in size. This reduction 
may be accomplished by increasing the rake of 
the tool, increasing the speed, reducing the sizc 
of the cut, or introducing a cutting fluid, any 
one, or a combination of which is commonly used 


to secure better finish 
Tool Wear: 
When 


1 


steel, tool failure is usually caused by wear on 


cutting steel with tools of carbon tool 


- flank of the tool directly beneath the active 


tting edge. When cutting 


steel with tools of 
high 1 


speed steel, normal tool failure is cause 
by a gradual cupping of the tool on its face 
After the chip is formed, it slides over the built 
up ed 


ip edge protecting the cutting edge, and rubs 
against the face of the tool some distance back 


rom th itting edge 





feeds from 0.020-0.060 in., th 


Alloy, Annealed 


treated 


Castings, miscellaneous 


medium hard 
soft 


Threading 


Tool, annealed 


unannealed 





CUTTING SPEEDS AND FEEDS IN TURNING 
When steels are machined in turret lathes with tools of high speed steel 
properly ground for roughing cuts from 1 16 to 3/16 in. in depth and 
e cutting speeds that give satisfactory com 


mercial values of tool life, according to Warner and Swasey Co. are: 


Machine, hard ... oe as 


50—60 
25—40 
re 50—60 
ni gies Sh pitacalea Ch eee aes 35—60 
Sraetaeate. wt 60—85 
Pils Rie uae aarp 100—120 
Sich cabana tata ales or 25—40 
ree ee ee ee 60—80 
25—35 


Surface Ft. _ 


per min. 
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TABLE I. Speeds and Feeds with Rake and Relief Angles Recommended for High-Specd Steel Milling 
Cutters of the Production Type over 3 in. dia.* 


Cuiting Feed Angles in Degs. 
Metals Speed etn = 

F.P.M. é Rake Relie} 
Aluminum ...... eS eee eae 500-1000 10-24 20-40 10-12 
LECCE ene ae tn ee? 100-200 8-10 5-10 5-7 
LUND a ane RE SE Nene ge'm oe eR ee 100-200 10-24 0-10 10-12 
DTCC ae a aan a VE Ce 30-200 10-24 0-10 (10 
CONE CC) oe Poe eee eg? 50-120 24 8-10 4-7 
Gastiron-malleable: «4.66664 5060ce eee $0-100 10-24 10 5-7 
LST Peet Tee eT Tee Tee eee 100-200 10-24 10-15 8-12 
Ma AC NEA 5. = peso hs, yy, wasih. als heowet BLS 70-80 4-6 10 5-8 
Steel, alloy, heat-treated. ae 30-50 4-6 10-15 4-5 
Steel, alloy, not heat-treated Be ous. . 60:70 7.8 10-15 5-6 
Steel, annealed high-carbon | 
Steel, low-carbon, cold-finished .......... 80-100 10-24 10-20 527 
Steel, stainless 60-90 4-6 10 5-8 


A cutting fluid should be used whenever possible. Carbon-steel tools should operate at speeds from |, 
to 14 of those of high-speed-steel tools. The relief angles should be increased 25 to 50 per cent for 


cutters less than 3 in. dia. 
*Metal Processing. O. W. Boston. p. 174. 


HOW THE TYPE OF METAL AFFECTS 
POWER CONSUMPTION, TOOL 
LIFE AND CUTTING SPEED** 


The metal removed by a drill, planing tool or 
milling machine cutter varies with the process for 
each metal. The power in drilling is usually higher 
than that of turning or planing because of the fric- 
tion occurring between the chips and the flutes of 
the drill as they are removed from the hole, and be- 
cause of the action of the chisel edge of the drill. In 
milling the average power consumption is higher 
because of the removal of the chips with very small 
average thickness. The chart shown as Fig. 2 is of 
interest in this regard. 

In many operations long stringy chips are ob- 
jectionable as they tend to mar the work surface, 
cause congestion of the machine parts and are 
difficult to remove. 


Hardness of Steel 


The hardness of steel reduces the cutting speed 
for a given tool life almost directly as the hardness 
is increased as shown in Fig. 3. Thus the cutting 
speed for a 50-minute tool life of mill annealed 
4340 steel, when being machined with a feed of 
0.0127” and depth of cut of 0.050”, is about 136 
fpm. For the same steel hardened to give a Brinell 
hardness of 492, the cutting speed for a 50-minute 
** Machinability —Its Vital Role in War Production by 


O. W. Boston, Univ. of Michigan in SCREW 
MACHINE ENGINEERING, June 1943, pp. 30-40. 


tool life is only 28 fpm. The Brinell hardness in- 
crease is from 1 to 2.5 while the cutting speed is 
reduced from about 5 to 1. 

The cutting speed for any value of tool life for 
various values of hardness can be determined from 
Fig. 3. 


Cutting Speed 

The cutting speed greatly influences the quality 
of the machined surface, even independently of the 
size of cut, tool shape, and other cutting conditions. 
In cutting a stecl at low speed, the finish is usually 
poor. Under these conditions a high rake should 
be used, a light feed, and a cutting fluid consisting 
of an oil containing sulfur or chlorine. As the cut- 
ting speed is increased, the finish becomes better. 
For each structure a cutting speed is obtained at 
which the built-up edge disappears, the cutting 
edge actually scrapes the work surface and _pro- 
duces a keen cut or burnished surface. The speed at 
which this superior finish is obtained varies not 
only with the type of steel cut, but with the structure 
of the steel. This speed is lowest for the hardest 
metals, and highest for the softest metals. 


Under normal cutting, such as when high speed 
steels are cutting at moderate speeds, cooling is be- 
lieved to be the primary function of the cutting 
fluid so that aqueous solutions or emulsions are more 
desirable. These cutting fluids should be applied at 
relatively low temperature, such as from 80° to 
110° Fahr., in large quantities and at high velocity. 


[12] 
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THE S.A.E. NUMBERING SYSTEM 
Most S.A.E. steels are standardized by numbers. 
The index system which has been devised facilitates 
ready identification of their type and composition. 
In this system, with simple alloy steels, the first 
digit denotes the class of steel, i.e., 
‘1'—denotes Carbon Steel 


4 i Nickel Steel 
ee | Nickel-Chrome Steel 
tc. 


The second digit denotes the percentage of the 
predominating alloy material or clement. 

The last two or three digits indicate the average 
carbon content in hundredths of 1°7. Accordingly, 
2340 Steel, for example, is a nickel steel containing 
approximately 3% nickel and .40% carbon. The 
basic numerals for the various types of S.A.E. Steels 
ire shown below. In a few instances only, it has been 
necessary to depart from this system, for instance, 
when dealing with corrosion and heat resisting 


alloys. 

Type of Steel* Numerals (and Digits) * 
Carbon Steels IXxx 
Plain Carbon 1Oxx 
Free Cutting, (Screw Stock) 1 1xx 
Manganese Steels 1 3xx 
Nickel Stecls 2xxx 
3.50 per cent Nickel . 23xx 
5.00 per cent Nickel 25xx 
Nickel Chromium Steels 3XXxXx 

1.25 per cent Nickel, 0.60 per cent 
Chromium 41xx 
1.75 per cent Nickel, 1.00 per cent 
Chromium eee : 32xx 
3.50 per cent Nickel, 1.50 per cent 
Chromium ........ 33xx 
Corrosion and Heat Resisting Steels 30OXXX 
Molybdenum Steels .... 2... . 1xxx 
Carbon Molybdenum iOxx 
Chromium Molybdenum ... . 41xx 
Chromium Nickel Molybdenum 43xx 
Nickel Molybdenum; 1.75 per cent Nickel 46xx 
Nickel Molybdenum; 3.50 per cent Nickel 48xx 
Chromium Steels ............ SXxxx 
Eow Chromium. ......s..<5. S1xx 
Medium Chromium .............. 52xxx 
Corrosion and Heat Resisting. ...... 51xxx 
Chromium Vanadium Steels .......... 6xxx 
1 per cent CHROMO = bcs proce nce ses 61xx 
National Emergency Steels. ............ 8xxx 
Silicon Manganese Steels............... 9xxx 
2 per cent SUNCOR: oe ev esd Salvin dob dowceee 92xx 


1943 §.A.F. Handbook, P. 302 


LABORATORY RESEARCH 
PROCEDURE 


*Ref. 


Laboratory research procedure in the study of 


sulfurized cutting oils was planned with long range 
objectives. It was especially fortuitous that the re- 
search chemists as a whole subconsciously antici- 
pated war-time priorities on certain of the base 
materials. It simplified materially the production of 
the sulfurized cutting oils now in such great de- 
mand by the war industries. This research proce 
dure was planned as follows: 
1. Study 0} Existing Cutting Oils 
(a) Make-up and components. 
(b) Cutting ability on standard machine tools 
Pod Stud} of Base Materials 
(a) Dependability of source 
(b) Location of source 
(c) Use in existing cutting oils 
(d) Patent coverage 
(ce) Behavior in service, as to 
L. Odor 
2. Sludging 
3. Separation (stability in storage) 
i. Discoloration of work or tool 
3. Methods of Preparing Suitable Cutting Oils 
(a) Effect of chemical composition 
(b) Effect of pressure 
(c) Effect of temperature 
(d) Effect of time 


FIELD RESEARCH PROCEDURE 


Concurrent with laboratory research the cutting 
ctfects of various types of experimental cutting oils 
was observed on thread cutting machines, turret 
lathes, and other heavy duty tools. 


Service Performance 

In conjunction with field research, it was con- 
cluded that cutting oil performance in actual service 
should be studied from the several angles in which 
the tool operator is most interested, i.e.: 
1. Cutting ability 

(a) Tool life 

(b) Surface finish 
2. Protection against rusting 
3. Ability to resist smoking or fogging 


Cutting Ability 

In the final analysis, a cutting oil is measured by 
its cutting ability, presuming that it meets the other 
requirements as to non-sludging, freedom from ob- 
jectionable odors and freedom from sulfur pre- 
cipitation. 

Proof testing for cutting ability was studied in 
the laboratory on thread cutting machines, observ- 
ing and recording. 

(a) Noise or squealing 

(b) The degree of smoothness of the thread 

(c) Temperature rise during cutting. 


[13] 
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Tool Life 

The life of a metal cutting tool is measured by 
the number of pieces which can be cut, threaded 
or shaped before the cutting edge of the tool be- 
comes sufficiently dull to require redressing. Obvi- 
ously a cutting oil which will extend the tool life 
is most desirable. 


Surface Finish a Measure of Cutting Ability 
The surface finish is affected by the rake angle 


of the cutting tool, the depth of cut, the friction 
between the chip and tool, znd the plastic or clasti 
properties of the material being cut, along with the 


cutting quality of the oil. 

Pipe thread cutting afforded an excellent means 
of observing the lubricating and cooling propertics 
of an oil with respect to the operating conditions 
outlined above. afforded a means of 
evaluating any oil under test according to - 


In turn, it 
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Protection Against Rusting 

The ability of a cutting oil to prevent rusting of 
a freshly machined steel surface is influenced by 
the wetting properties of the oil. A cutting oil of 
good W ettability and oiliness is to be preferred to 
one which tends to creep from the metal surface to 
leave bare spots exposed to oxygen and moisture in 
the air. 


Smoking and Fogging 

A good cutting oil must be of sufficiently high 
flash and fire test to resist smoking and fogging 
when exposed to the increased surface tempe ratures 
developed during cutting. 
Smoothness of Cut Surfaces as Tested 
by the Lead Abrasion Method 


The smoothness of the cut surface is generally 
agreed upon as being an excellent criterion as to the 
suitability of a cutting oil. The “lead abrasion’ 


6 8 10 15 20 


y and roo) life in minutes f 


method afforded an interesting means of compar- 
ing cutting oils quantitatively as to their influence 
on surface finish and effective tool life. Some earlier 
investigators had studied methods of measuring 

(1) power used in cutting 

(2) cutting temperature 

(3) tool life tests 

(4) current shop 

The “lead abrasion’’ method however has proved 
to be more dependable. It involves study of the 
surface finish when a pencil lead is passed over a 
certain linear distance of the surface, the results 
being recorded in terms of inches of wear of the 
lead. Any restriction in free flow of the chips across 
and away from the rake of the tool causes erratic 
results in the lead abrasion readings and usually 
produces inferior surfaces. 

Reproducibility is highly important in connec- 
tion with such a test. A heavy duty turret lathe was 
used to good advantage in developing the method 
of procedure by making a cut on the end of a piece 
of lap-welded or seamless steel pipe. The rough- 
ness of the cut surface is measured in terms of 


practice 


[15] 
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THREAD CUTTING PERFORMANCE 


Evaluated on a Typical Thread Cutting Machine 






































Chuck Speed | | | 
R.P.M. | 25 | 35 45 58 78 66 
F.P.M. | 15 22 28 36 48 106 
PRODUCT 
| 
Cutting Oil B | Good | Good Good Good | Good; | Fair; 
(High quality torn torn 
sulfurized oil) | | | | slightly slightly 
1 } | 
| ! ! 
Cutting Oil X Fair | Poor; Poor; Poor; | Poor: Poor; 
(Ordinary oil) | threads threads threads threads | threads 
torn torn torn torn | torn badly; 
badly | badly | badly | badly | chattered 
Cutting Oil Y Poor; Fair; | Fair; | Fair; | Fair: Poor; 
(Ordinary oil) threads threads threads threads threads threads 
torn torn torn | = torn torn torn 
badly | | | badly 





_F 





inches of lead worn off when the pencil-lead abra- 
sion apparatus is passed over a definite linear dis- 
tance of the surface. The lead abrasion apparatus 
provides for keeping pressure on the pencil-lead 
essentially constant regardless of the wear on the 
lead. The force necessary to exert pressure on the 
lead point is developed through an air cylinder 
and piston. 


REACTION OF SULFUR WITH 
MINERAL OILS 


(5) the benefits (if any) which might accompany 
re-distillation 


Factors Investigated 
During the course of the rescarch the following 
factors were considered as important 
1. The performanc e of sulfurized oils vs. sulfur- 
ized oil bases blended with straight mineral oil. 
. The suitability of sulfurized fatty oil vs. sulfur- 
ized fatty oil base blended with sulfurized and 
unsulfurized mineral oil. The fatty oils included 


bo 


pee. 


Experience with sulfurizing mineral oils has indi- prime lard oil, cottonseed oil, No. 1 lard, rape- : 
cated that when sulfur and mineral oils are in in- seed, whale and castor oils. ‘ 
timate contact, there is a gradual change in their 3. The effect of viscosity, by using light vs. heavy - 
behavior as the temperatures are increased. Thus at mineral oils. 
low temperatures, it is mainly a question of the 4, The merits of various deodorants in masking 
solubility of sulfur in the oil, while at more ele- odor and preventing sedimentation. 1 
vated temperatures, particularly when the ingre- - 
dients are maintained at these temperatures for a CONCLUSION : 
considerable period, it is a question of interaction It is the function of the cutting oil to interpose 
accompanied by some solution of sulfur in the oil. and maintain a suitable film between the working Ss 
During the early development of sulfur cutting oils, face of the cutting tool and work: also on the clear- 
extensive investigational work was carried out in- ance side. The basic principle of lubrication holds tt 


volving: 

(1) study of methods of incorporating sulfur in 
light viscosity mineral oils 

(2) investigation of reasons for sludge separa- 
tion during storage 

(3) the most effectual processing temperature 

(4) the potential benefits of air blowing to reduce 
the corrosive tendency of the finished oil, by 
removal of volatile acidic by-products 


[16] 


true in that conversion of solid friction to fluid fric- 
tion is absolutely necessary to prevent premature 
wear-out of metal parts moving with respect to onc 
another. 

Sulfur facilitates the obtaining of this objective. 
But sulfur cannot be added at random to a petroleum 
oil. Exhaustive research has proved that the manner 
of compounding and the nature of the materials to 
be compounded are the salient factors. 
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RODUCING the surface finish 
| shown in the photo, as well 
as the more than 5,000 compon- 
ent parts of a completed torpedo, 
requires top performance from 
machine tools and cutters. 

In precision machining not 
only torpedo parts but millions 
of bullets, shells, guns, tanks and 
planes, war plants everywhere 
are assured of faster output and 
increased cutting-tool life, by us- 
ing Texaco Cutting Oils. 

Texaco Cutting Oils lubricate 
the tools, carry away the heat and 
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prevent chip welding, assuring 
improved surface finish, and 
maximum output per tool grind. 

So effective have Texaco lubri- 
cants proved that they are defin- 
itely preferred in many fields, a 
few of which are listed at the 
right. 

Texaco Lubrication Engineer- 
ing Service is available to you 
through more than 2300 Texaco 
distributing points in the 48 States. 


The Texas Company, 135 East 
i2nd Street, New York 17, N. Y. 
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Lyf PREFE R TEX A 
* More locomotives and railroad 
cars in the U. S. are lubricated with 
Texaco than with any other brand. 
* More revenue airline miles in the 
U. S. are flown with Texaco than 
with any other brand. 
* More buses, more bus lines and 
more bus-miles are lubricated with 
Texaco than with any other brand 
* More stationary Diesel horsepower 
in the U. S. is lubricated with Texaco 
than with any other brand. 
* More Diesel horsepower on stream 
lined trains in the U. S. is lubricate 
with Texaco than with all other 
brands combined. 





OOKING like skulls foretelling the 
| _ doom of all United Nations’ ene- 
mies, these aircraft cylinder heads 
await assembly into engines. 

In the mass production not only of 
airplane engines but of countless 
other war munitions, war plants 
everywhere are getting higher output 
and longer life from their cutting 
tools through the use of Texaco Cut- 
ting and Soluble Oils. 


THE TEXAS COMPANY ° 


TEXACO PRODUCTS ° 





Texaco Cutting Oils lubricate the 
tools, carry away the heat and prevent 
chip welding. Their use assures im- 
proved surface finish and maximum 
output per tool grind. 

The services of Texaco Fngineers 
specializing in cutting coolants are 
available to you through more than 
2300 Texaco distributing points in the 
48 States. The Texas Comoany, 135 
East 42nd Street, New York 17, N. Y. 


DISTRICT OFFICES 





ATLANTA 1, GA. 133 Carnegie Way 
BOSTON 17, MASS. 20 Providence Street 
BUFFALO 3, N. Y. 14 Lafayette Square 
BUTTE, MONT. Main Street & Broadway 
CHICAGO 44, ILL. 332 So. Michigan Avenue 
DALLAS 2, TEX. 2310 So. Lamar Street 
DENVER 1, COLO. . 910 16th Street 


SEATTLE 11, WASH. 


HOUSTON 1, TEX. . 720 San Jacinto Street 
INDIANAPOLIS 1, IND., 3521 E. Michigan Street 
LOS ANGELES 15, CAL. . 929 South Broadway 
MINNEAPOLIS 2, MINN. 300 Baker Bldg. 
NEW ORLEANS 6, LA., 919 St. Charles Street 
NEW YORK 17, N. Y. 205 East 42nd Street 
NORFOLK 1, VA. Olney Rd. & Granby St. 


3rd & Pike Streets 


Texaco Products distributed throughout Canada by McColl-Frontenac Oil Company, Limited, MONTREAL, CANADA 








